
Design and Test Results of a 600-kW ‘1’etrodeAmplifier
for the Superconducting Super Collider”

Daniel E. Rca and Donna L. Brittain
Los Alamos National Laboratory

P.O. BOX 1663, LOS Alarms, NM 87545

James M. Grippe and Orlando Marrufo
Superconducting Super Collider Laboratory
2550 13eckieymcade Ave., Dallas, TX 75237

.4hlract
This paper describes the design and testing of a pulsed

600-kW tetrode amplifier that will be used to drive a radio-
frquency quadnipo!e (RFQ) for the Superco~du@ng Super
Collider (SSC). Three stages of amplification provide a
nominal gain of 77 dB and peak output power of 600 kW.
The amplifier is operated at a pulse width of 100 f.LSand a
repetition frquency of 10 Hz. This paper presents the RF
design and cniculated operating conditions for the amplifier.
Details of the electrical design are pre.scntcd, along with test
results.

I. iNTRODUCTION

The purpose of the radio-frequency quadrupolc (RFQ)
amplifier is to provide an adquate amount of power at tie
proper operating frequency to enable the RFQ to increase the
velm.ity of the input beam from ,00864 times the speed of
light to .0729 times the speed of light. The energy in the
beam increases from 35 keV to 2.5 MeV. To perform this
function the amplifier must provide a minimum of 225 kW at
a frequency 01427.617 MHz at each of two input ports of the
RFQ. In addition, enough overdrive must k available to
ensure a fast fill time. To adequirlely meet the requirements,
the amplifier must meet the performance requirements
spccificd in Table i.

Table 1
@O-kW Ampliticr Elcdricaf Rcquimments

E%iEE-! 427.617 MHz

.300kHz (ininiiilwil) 4
Power (lltnut 1 600 kW (m)

Gtiin 77 dB (nominal)

-4
100 p.!!

Pulse Rcpctitmrr Rotc I to 10 }{74
I% [innximum

Input VSWR 1,5:I (nuiximum

1.incm Range I 5% to W% of peak

Phase Stability <10 deg. within any one
hour

Suurious Signals %0 rJB below carrier
, Prime Power 208 VAC, 3 phase

A similar arnpiifiir with slightly different performance
characteristics-300-kW, 425-MHz, 2% duty factor—-was
deveioped for the Ground Test Accelerator (GTA). This
GTA ampiifier was modified to meet the Superconducting
Super Coiiider (SSC) requimmerws.

The SSC ampiifier is iocated in the source area of the
LINAC Buiiding. Cooiing water, whose ttmiperamre cannot
exceed 95°C, is provided for cooiing the output cavity.
Buiiding temperature is weU regulated, Therefore, no spcdai
provisions are necmary for air cooiing, other than fans arv!
biowers.

Input RF is obtained from the iow-!evei RF controi
system, which is designed to maintain cavity ficid ampiitudc
and phase to a preset Icvei in the presence of beam-induced
fieid perturbations. A high-p!)wcr circulator isolates the ioad
from the ampiitier. The ioad on the ampiificr can hc
manuaily switched betwctn the accelerating cavity or ii test

ioad via a coaxial switch.

11.OPERATING CONDITIONS
AND AMPLIFIER CONFIGURATION

TheSSC ampiificr is a three-ampiificr chain, consisting
of an 800-W soiid-stale driver, an intcrincdiatc trim!c
irinpiifier, and a finai tctrode arnpliiicr.

“I%csolid-state mrplificr requires ;i muximuin iilpul 01
i 3 dllm nnd can pwvidc up to II(X)W of powm ft)r 2-111,$

puiscs at a maximum repetition rote of 10 }iz, ‘Ilc umpiificr
hms u 4% bnndwldlh, mui its output is pro(ccto(l by iiII
inlcrnni circuintor. !t is contigurcd 10 ;wcci)t un opli(iii
trigger, which is [isctl in txmjuncliorr with o PIP! (iiorfc swi[lh
to net us an RF gate.

The intcrmaliat.c nmpiifir.r u.scs an PI MA(. W 18 wi{Nk”
It is cxmiigurcd to te cntitxlc-rn(niulal~:(i with a gr(mn[lcd
Urif’. A high -lx)wt:r hcxl’et is dri vcn inttj saluruti(m I()
moduin(c the cnthwiI:, ‘ITc [riodc is opcrntc(i M i!.~rim! (k
voiuIgc of 4 kV hy incuns ~1(u 5 kV power supi~iy Ih;il
~.lurr~rw:1wuil cap;~:itw innk to imwidc tlic i)iiisc(l (I:IICIII.
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Approximately 50 ohms of series resistance is inserted
betwem the capacitor and triode to dissipate the energy in
case of an internal tube arc.

The final amplifier is a Burle 4616 ttx.rode. It requires
approximately 500 W of filament power. The operating
conditions for fie cathode, as well as pertinent maximum
operating conditions, are shown in Table 2. The final
amplifier requires three high-voltage power supplies The
25-kV phue voltage is supplied by a 30-kV supply with an
average current capability of 80 mA. This supply has a
crowbarand small c~prxitor bank sized to meet the 1% pulse
droop requirement. A 3-kV screen supply and l-kV grid
supply are also required. The screen supply feeds a small
capacitor bank to supply the pul’d screen current. The
screen supply does not use a crowbar triggered si-
multaneously with the plak supply crowbar. Rather, series
resistance is used to limit the current and dissipate the energy
that could result from a tube arc.

To provide the required line.ar range of operation, the
solid-state amplifier is operated class AB, the intermediate
triode amplifier is operated class A, dnd the final tetmde
amplifier is operate class B. The intermediate triode arrlpli-
fier takes advantage of the cathode modulator to operate
class A during the RF pulse without suffering the
cmreqmding anode dissipation during the interval when the

RF pulse is not present.

4fi160pera
Operating Parameter

DC Plate Vollilbrc

Table 2

DC Scrccn Vo&e
DC Grid Voltage
DC Plate Curl-cut
DC Screa Currcm
IX’ Grid (’urrent

DC (’athodc (’urrcnt

Fund. Pcdc Plain Current
“~nd}{~nlonic PfMk F’hUC

Current
lrd l{~mn(mic Pcuk PM

Currcrlt

I; IIII(f. l’cuk (’uth(xic C’urren
f’L’ilk IUIC Swing

( )IIlpul I’[)wcr

RF l’lilm I .(m.l

Peak f W Swing
I )ri vc l’~)wcr

K}: ~:rid lIIpIII Rcsis[arm ,

\ Conditions
value

25,000 V
! ,800 v
300”v

3U,2 A

2.25 A

1,4A

42 A

(A A

35 A

HA

’11 A

20,( NM)“d

6MI.7 kW
lilt)

4($).() v
$40w
14U L1

I’c:lk I’ln[c I)issipntwn 102 kw
l’~ilkScrmn I)ls.sipnli{nl 4050” w
Pcok ( ;II(l l)tss~lm(l{m I I $() w-— ,——. . ——.

Max.
Value at

*
-,

80A

15 A

15A

.—.

HI. TEST RESULTS

Test results for the 600-kW amplifier are shown in Fig-
ures 1 and 2. Figure 1 shows the frequency response of the
amplifier at the uppr end of the linear range. Figure 2
shows the linear performance of the amplifier. The test
conditions are summarimd in Table 3. Table 4 summmizes
the testresults.
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Table 4
Test Results

Parameter Value A
Maximum Power Output 625 kW
Linear Range ‘200kWto500kW
Gain 77.4 dB (nominal)
3-dB Bandwidth 900 kHz
1-dB Bandwidth 550 kHz
Efficiency 63%

Note: The dc anode voltage used for testing is slightly
above the ratings. This was necessary because the high-
voltage dc power supply had a series resistance that would
drop approximately 1 kV during the RF pulse. We did not
suffe. any degradation in opedona.1 testing as a result of the
26-kV anode voltage, however.

IV. CONCLUSION

We have successfully modified the GTA 300-kW

amplifier to operate as a 600-kW amplifier for SSC. The
amplifier met or exceeded all performance requirements and
is cumently in service at SSC.


